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first order phase transition in a combined macro/micro approach
reaction dynamics, flow and freeze-out of multi-strange baryons
implications of radial low on freeze-out

critical interpretation of Statistical Model fits to yields/ratios




Time-Evolution of a Relativistic Heavy-lon Collision I
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Experiments: observe ashes of deconfined state (hadrons, leplons)
—> rely on signatures predicted by theory

Transport-Theory: full description of collision dynamics
(from initial state o freeze-out)

—» connecis deconfined state to experimental observables ’




|A combined macro/micro transport mﬂdell

Hydrodynamics
e ideally smited for dense systems
model early QGP reaction
stage
e well defined Equation of State
» incorporate 1st order p.t.
® parameters:
imitial conditions

Equation of State
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micro transport (UrQMD)
e no equilibrium assumptions
— model break-up stage
— calculate freeze-out
e parameters:

— (total/partial) cross sections

— resonance parameters
(full /partial widths)

matching conditions: e use same set of hadronic states for EoS and UrQMD

¢ generate space-time distribution ol hadrons

at end of mixed phase (hadronization hypersurface)

— use as initial conhiguration for UrQMD *‘
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‘ Scaling Hydrodynamics I

9,T™ =0 , 8" =0

for ideal fluid: T" = (e 4 p)uu” — pg"”

H

Ji = piu”
assumptions:  longitudinal boost-invariance
cvlindrically sym. transverse expansion

u(z") = ~, (coshn, v, sin¢, v, cos@, sinhn)
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:—j% (0 no pressure between rapidity “slices
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conserved charge in each “shce”
R; = | d*r pi(r])
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‘ Scaling Hydrodynamics: EoS I

Hadronic Phase

ideal hadron-gas including all (strange + non-strange)

states up to m = 2 GeV (including resonances)

with p“—Zf——‘Pﬂft

_ 9p(T, pi) op(T, ;)
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QGP Phase
MI'T bag-model EoS for ideal QGP (ag, = 0) of u,d

and s quarks and gluons with m, = 150 MeV,
My, = mqg = 0 MeV and B = 380 MeV /fm*
= 1olpe = ps = 0) = 162 MeV

Mixed Phase
QGP (T  HG T
p (158) = PpU T )
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‘Critical Interpretation of Statistical Model Fits I
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- gt * Statistical Model fits to hadron
yields/ratios seem to work well

* Common interpretation:
chemical freeze-out close to
phase-boundary with T T,

» However: hadron masses
change properties close to T,_!

02 04 06 08 1 12 14
baryonic chemical potential , GeV

» SM fit with on-shell masses is
inconsistent with physics of
fit-results!

» Need to employ model that
takes proper physics at T, T Mev) %2
into account
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\ Freeze-Out: Flavor D_em I
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» no sharp freeze-out: broad, flavor-dependent distributions
» only very small difference in lifetime from SPS to RHIC
¢ use HBT as tool to investigate freeze-out behavior
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Chemistry of the Hadronic Phase:

Rescattering and Particle Yields

l
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e rescattering changes yields up to 40 %

> no chemical freeze-out at phase-boundary




‘Mass-dellendence of my-slope parametersl

SPS: MAAY and WAST data Pb+Pb SPS

SP5: Hydro Ty, =130 MeV Y
nmfm Hydra + UrQaD
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o0 02 04 06 08 10 12 14 16 18 220
mass (Ge

e Hydro: linear mass-dependence of slope parameter, strong radial flow

¢ Hydro+Micro: softening of slopes for multistrange baryons

’ -l".-ll"l_"n, I'h'-l'PIII;:II'IHJ'__'_l rl'l‘]‘i" Liy |I'I'|.|'.. I"I'I“‘I'HEHPI"I Fatlies
= nearly direct emission from the phase boundary
¢ HHIC: FO occurs cliser to hadronization hyvpersurface than at SPS ﬂ’
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‘ Rescattering of multi-strange baryons I

¢ inelastic scattering, predominantly via

MB-resonance states:

— -

— * - = = =
=1530* =—1690* —1820* =—1950* =—2030

—

possible decay channels: Z* = Zn, =2y, AK, XK

e clastic scattering:

ma = > my: negligable effect on pg = and v

—

= no influence on 'JF'J'T'—HI}{‘{‘TI'FL
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‘ Rescattering of multi-strange baryons I

inelastic scattering, predominantly via

MB-resonance states:

_— _ — —_—— —_—

—15301 —1690+ —1820° —19501 —2030
possible decay channels: =* — =7, =27, AK, XK

e clastic scattering:
ma.= > m,: negligable effect on pn = and v

= no influence on 'JF'ET—H]_}{‘{‘T I'a




‘Radial Flow: Implications on Chemical Freeze-out I
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-hyperon meson rescattering may change
flavor chemistry

o0 02 04 06 08 10 12 14 16 18

-+ chemical freeze-out at phase-boundary is

questionable
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« strong evidence for sequential
decoupling of system in the
hadronic phase

« kinetic/thermal freeze-out is flavor
dependent

« chemical freeze-out at phase
boundary implies:

» quasi-elast. rescattering for
all flavors
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Hadron yields and ratios in
a dynamical scenario

TTTTTTTTT lFF|1FFlrrll1Fl""l'--'r'-"l'
A Au+Au 10

@® Pb+Pb 40 AGeV
B Pb+Pb 160 AGe\

e sytem evolves through a continuous series of

equilibrated states

. -|4'I'Irl1;||iI|u of individual hadron h]'u'l'il*.‘- takes

place sequentially during that evolution

» final state is superposition of particles emitted at

different 1 and ug




Scaling Hydrodynamics: Initial Conditions

SPS
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RHIC

M=3[}_£=45i5*r,=lfmfc

6 GeV /Im ' T = 220 MeV

- o 600 GeV (i) — 457 GeV (lo)

d_d*".'ilﬂ. = 25, % = 205, 7: = 0.6 fm/c
é(ri) = 20 GeV/fm”, T = 300 MeV

154 1.3 TeV (1) — 714 GeV (fo)
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‘ Hydrodynamic Space-Time Evolution I
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e evolution starts with QGP from rr =0 to rr = Ry
® initial cooling through longitudinal expansion
e large transverse pressure gradients at surface

=» ¢reation of strong transverse flow




Scaling Hydrodynamics: Particle Distributions
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The transition to microscopic dynamics requires full space-time- and
momentum coordinates for each hadron at hadronization:

d N, dr dr,
= r,T|pLCOS :_:rF —m coshly — n)—— | filp-u)
(

m  dm dydnd€ dé dg ]-.

with: four momentum p* = (m coshy, p,siny, p, cosx, sinhy
fluid 4-velocity w* =+, (coshn, v, sing, v, cos ¢, sinhn)
and y angle between p; and transverse plane

¢ relative angle between p; and v, (transverse flow velocity)
ri(€) and 7(€) with £ € |0, 1] parameterize space-time points of
the hadronization hypersurface

= assume v . T and p independent of »:

hvpersurface is proper-time hyperbola in t — 2 plane (at hxed r ) ﬁ
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‘The UrQMD mudel'

elementary degrees of freedom: hadrons, const. (di)jquarks
classical trajectories in phase-space (relat. kinematics)

initial high energy phase ol the reaction 18 modelled via

the excitation and fragmentation of strings

UrQMD contains 55 baryon- and 32 meson-species, among
those are 25 N*, A® resonances and 29

hyperon /hyperonresonance species

ideal for the description of excited hadronic matter

an interaction takes place if at the time of closest approach
dmin Of two hadrons the following condition is fulfilled:

Tioi —
Bmin = 11,!' = ot = CTpat(v/8, |hy), |ha))

full baryon-antibaryon and isospin symmetry concerning
hadronspecies and interactions

Process Parameter

elast. scatt Tpart, %

A

" =

inelast. scatt ﬂ,,,,;-r.[qfﬂl-f};nf. d

detailed balance
resonance-decay | T'(M)part, 7(Ttot)

string-excitation Tpart. Iragmentation-functions,

formation probabilities




‘Mesnn Baryon Cross Sectinn'

a° width N* width

Arzsz 120 MeV  Ni,o 200 MeV
Alsoo 350 MeV  Njy,o 125 MeV
Ajezo0 150 MeV  N[... 150 MeV
Airoo 300 MeV  Njgso 150 MeV
Ajgoo 200 MeV  Njg,s 150 MeV
Ajgos 350 MeV  Ni..o 130 MeV
Awgro 250 MeV  Ni,oo 100 MeV
o Ajgz0 200 MeV N7 110 MeV
04 06 08 10 12 14 1 Ajgao 350 MeV  Ni.,, 200 MeV

Pras (GeV /)
A 1 350 J00 MeV N;mm

awo:in/

total = p cross section

=

J

— calculate cross section according to:

iy

MB _ Z 2ig + 1 m ' mBl 1o

MY = e " | 48
R=A,N* (21 + 1)(2Im + 1) Poys (Mg - V8)? 4 at

Lo
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‘ Multiplicities and Collision Rates I
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e long lifetime of mixed and hadronic phase
e rescattering dominated by MM and M B

e chemical freeze-out influenced by hadronic phase




